Abstract: The design of facility layout is an influential factor in a company's performance to support the streamlined process of production. PT. PMJ is one of the garment industries that produce women's underwear. The total processing time in the sewing department often exceeds the standard time set by the company. The composition of the machine and facilities at the sewing department is considered to be not optimal. The order of machines in the production line has not been arranged appropriately which causes the excessive distance in the material transfer. In addition, the uses of straight material flow cause the workers to rotate their posture of the body when taking the materials. Based on the results of the assessment of the condition of workers in the initial facility layout using the Quick Exposure Check (QEC) method, the highest total exposure score is on the back. This study aims to redesign the facility layout of PT. PMJ using Systematic Layout Planning (SLP) and ergonomics approach to minimize total material handling cost. Two design alternatives are proposed and the performance of each design is evaluated using ARENA simulation software. Based on the calculation of total material handling cost and simulation, the second proposed facility layout was chosen since it was able to reduce the total material handling cost by 22.92% and material transfer time by 34.01%.
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PUBLIC INTEREST STATEMENT
Facility layout can be defined as procedures for setting up factory facilities to support the smooth production process. Some studies state that the cost of moving material contributes to the production costs of 30-90%. PT. PMJ is one of the garment industries that produce women's underwear. Based on the results of the assessment of the condition of workers in the initial facility layout using the Quick Exposure Check method, the highest total exposure score is on the back. This study aims to redesign the facility layout of PT. PMJ using Systematic Layout Planning and ergonomics approach to minimize total material handling cost. Two design alternatives are proposed and the performance of each design is evaluated using ARENA simulation software. Based on the calculation of total material handling cost and simulation, the second proposed facility layout was chosen since it was able to reduce the total material handling cost by 22.92% and material transfer time by 34.01%.
Introduction
The design of facility layout is an influential factor in a company's performance to support the streamlined production process. Today, companies face increasingly difficult challenges, in which to remain competitive they must increase their efficiency (Anbumalar, Mayandy, Prasath, & Sekar, 2014) . As for the effort made to be able to remain competitive, the company has to become a reliable company by providing high-quality products and consistent with the delivery time (Sultana & Ahmed, 2013) . This can be realized by increasing the productivity of the company including workers, facility layout and space utilization, as well as work standards (Farook & Krishnaiah, 2014) .
The efficiency of company layout and interrelated productivity can affect the overall performance, quality, and productivity of the system (Battini, Faccio, Persona, & Sgarbossa, 2011) . The facility layout refers to the arrangement of physical facilities such as machinery and equipment to have the fastest flow of materials at the lowest cost (Sutari & Rao, 2014) . However, the company's efforts to increase the productivity often ignore human factors that play an important role in maintaining the productivity (Gnanavel, Balasubramanian, & Narendran, 2015) . The improvement of facility layout can significantly reduce the distance and time of materials movement from one workstation to another (Bhawsar & Yadav, 2016) . Hence, the right workflow in the production process will reduce production costs (Hossain, Rasel, & Talapatra, 2014) . Based on these reasons, the design of facility layout is a priority for the industry to increase the productivity. One industry that is important for implementing facility layout design is the garment industry.
One of the garment companies in Indonesia that exports its products is PT. PMJ is located in Klaten, Central Java, Indonesia. PT. PMJ is a garment company that produces women's underwear such as bras and panties. The product observed during the study was the SB45 bra model. The product goes through three processes in three departments, namely cutting, sewing and packing departments. The process of completing one piece of SB45 bra model in the cutting department takes 3.48 minutes, the sewing department takes 13.53 minutes, and the packing department takes 1.52 minutes. The total processing time to produce one piece of SB45 bra model is 18.53 minutes. Based on prior observations, the total processing time in the sewing department often exceeds the standard time set by the company which must be completed in 11.70 minutes.
The sewing department is the center of production activities for PT. PMJ. Direct observations were carried out and showed that the arrangement of machines and facilities in the sewing department applied the product layout type. Product layout is the preparation of machines according to the process sequence of a product (Purnomo, 2004) . The flow pattern of the material used in the sewing department has a straight line material type. This flow pattern makes the production activities go straight in accordance with the order of the machine. However, the order of production machines has not been arranged which causes a long distance of material transfer. In addition, the condition of the flow pattern of this material causes the worker to rotate their body when taking material. Rotating posture of the body includes an unnatural work attitude if maintained for more than 10 seconds and performed as much as more than 2 times per minute (Humantech, 1995) . Based on the interviews and the results of the assessment of the condition of the workers in the layout of the initial facility at the sewing department using the Quick Exposure Check (QEC) method, the highest total exposure score is on the back. This shows that the flow pattern of materials found in the sewing department has a high risk of musculoskeletal injury, especially in the back part of the body. This condition causes workers to experience work fatigue and will decrease worker productivity.
While in term of time, the activity of taking material with this rotating posture of the body can prolong the processing time. The comparison of the time between taking the material from the side with rotating body posture shows an additional time of 5.59 seconds longer for rotating posture. The workers do the rotating posture 72 times a day. The flow pattern of materials in the sewing department shows unoptimal conditions and hence an improvement is needed.
The improvement that can be made to overcome this problem is by redesign the sewing department layout. One method of layout redesign is Systematic Layout Planning (SLP) because this method gives much attention to the whole process and the proximity of the flow material relationship between the production processes. The improvement of the sewing department layout also uses ergonomics approach by assessing the muscle pain in the worker's body. The use of the SLP method and ergonomics approach in this study aims to solve the problem of facility layout in the sewing department at PT. PMJ so that the production process will be more efficient with higher worker productivity.
Previous studies in this research area only used the SLP method. The SLP method tries to design facility layouts by taking into account the process sequence and the degree of proximity between service units found. In this study, we attempt to combine the SLP method and the ergonomics approach. Hence, the design of the production process facility layout not only considers the order of the production process, and the degree of closeness but also the ease of accessibility and comfort of the production operator. The ease of accessibility and comforts of the production operators can be fulfilled if the layout design process uses ergonomic approach. The layout design results are then simulated using ARENA software to evaluate its performance.
Method
This study uses Systematic Layout Planning (SLP) method which firstly introduced by Ricard Murther in (1961) . This method is a planning procedure that allows to identify, visualize, and assess various activities, relationships, and alternatives involved in facility layout (Jain & Yadav, 2017) . In addition, SLP is also used to increase productivity by comparing the layout of the facility that has been designed with the current facility layout (Wiyaratn & Watanapa, 2010) . The following are the stages of the study.
Literature study
The literature study was obtained from several sources such as books, papers, internet, as well as other material sources that are appropriate to solve the problem.
Field study
Field studies were carried out through initial observations at PT. PMJ as the object of the study. It aims to identify the problems.
Problem identification
Preliminary studies and observations are needed to identify and analyze the current facility layout and working conditions of PT. PMJ. In addition, the Quick Exposure Check (QEC) assessment is carried out to determine the complaints of pain in workers that will reduce worker productivity (David, Woods, Li, & Buckle, 2008) . Based on the observation, it is known that layout needs to be done at the sewing department because the material flow pattern is not optimal. The optimal and ergonomic layout of new facilities will minimize material handling costs and accelerate material transfer time.
Problem's outline
The problem that will be discussed in this study is how to redesign the ergonomic facility layout at the PT. PMJ so it is more optimal.
Determination of study objectives
The aim of the study is to redesign the facility layout at the sewing department of PT. PMJ to minimize material handling costs and accelerate material transfer time as well as to increase the working comforts.
Determination of the benefits of research
The benefits achieved from this study are to produce a layout design facility at the sewing department of PT. PMJ that can be useful for the improvement of the company, as well as minimizing total material handling costs and accelerating material transfer time.
Data collection
The data collection stage consists of primary data and secondary data. Primary data are obtained from direct observations in the field, while secondary data are obtained from the company in the form of general and worker data.
Initial facility layout data processing
Data processing carried out in the initial facility layout, namely determination of material transfer frequency, with the rectilinear method using Eq. (1) (Purnomo, 2004) . Afterward, material handling costs (OMH) are calculated using Eq. (2) (Purnomo, 2004) , developing from to chart, inflow, and priority scale tables. The calculation of the inflow coefficient using is done Eq. (3).
Inflow in machine C2 ¼ costs on the machine C2 cost that go into the machine C2 (3)
Determination of the required area
In this stage, we identify the area needed to design the proposed facility layout at the sewing department. This calculation is needed to adjust the proposed facility layout with the area available at the sewing department. Allowances of 0.75-1 meter are given for each machine and supporting facility (Purnomo, 2004) .
Design of proposed facility layout with ergonomics approach
The design of the proposed facility layout is based on activity relationship level by creating Activity Relationship Chart (ARC), Activity Relationship Diagram (ARD), and design of ergonomic proposed facility layout by considering worker characteristics (Purnomo, 2004) .
Facility layout simulation with ARENA software
Facility layout simulation is carried out on the current facility layout as well as the layout of the first and second proposed facilities that have been previously designed. The results of this simulation are to determine the best alternative of the proposed facility layout.
Results and discussion
Comparison between current facility layout and proposed facility layout is explained in the following subsection.
Frequency of material transfer
The frequency of material transfer is the number of units that can be moved within one transfer and the transfer can be done several times in a certain time unit. Determination of the frequency of transfer of this material based on direct observation of the monthly production process that occurs at the sewing department of PT. PMJ. The current layout in the sewing department of PT. PMJ is shown in Figure 1 . Material transfer frequency in the sewing department of PT. PMJ is shown in Table 1 . Human power is used to move the materials in the sewing department.
Determination of material transfer distance with rectilinear distance
The determination of the material transfer distance from a work area to another can be calculated using rectilinear distance. This method measures the magnitude of the distance by measuring the corner side between the center of one facility and the center of another facility by finding the center point of each work area. The distance of material movement between work areas in the sewing department is shown in Table 2 . The total displacement distance in the sewing department is 44.4 meters. 
Material handling costs (OMH)
The material handling cost is the cost for each one-time transportation which determined based on the cost per meter of movement. Material handling costs in the sewing department are shown in Table 3 .
From to chart, inflow, priority scale table, and activity relationship chart
From to chart is calculated based on material handling costs of the current layout of the sewing department. Based on from to chart, the total material handling costs from a process to the next process in the manufacturing of SB45 bra model's products can be obtained as listed in Table 4 .
The next step is to calculate the inflow coefficient of the SB45 model bra process. The inflow coefficient of the bra model of the SB45 model is shown in Table 5 . An example of the calculation of inflow coefficient is given on C2 machine.
Inflow C2 ¼ costs on the machine C2 cost that go into the machine C2 Inflow C2 ¼ 870; 859:7 870; 859:7
The inflow above shows the cost coefficient that enters a machine that is useful in determining the priority scale table (TSP), which aims to describe the priority arrangement between machines in the facility layout at the sewing department. The TSP in the sewing department is shown in Table 6 . The next step is to create an Activity Relationship Chart (ARC). The ARC is created based on TSP, which shown in Figure 2 . From (1) To (2) Conveyance ( OMH/meter (Rp) (7) Total OMH/month (Rp) (8) = (6) 
Determination of the required area with industrial facilities method
The determination of the required area aims to design the proposed facilities layout that is adjusted to the needs of production activities. The calculation of the required area is done by calculating the area of the machine then multiplied by the number of machines used to support the production process. Note that the area of the alley is 15.28 m 2 (the length and width of the alley are 19.1 and 0.8 meters respectively). The area of space needed in the sewing department is shown in Table 7 . 
Design of proposed facility layout with ergonomics approach
The improvement of facility layout is done using ergonomics approach which is used in the preparation of sewing machines in the sewing department by pays more attention to the characteristics of the workers. It will make a more comfortable and effective interaction Figure 2 . Activity relationship chart. between the workers and sewing machines. In addition, it also considers the level of proximity between work areas based on TSP, ARC, and activity relationship diagram (ARD). We obtain two proposed facility layout alternatives in the sewing department production line. Based on the data processing takes into consideration the TSP to determine the relationship between machine activities in accordance with proximity, the ARD in the sewing department is developed as shown in Figure 3 .
The proposed facility layout has a flow straight material pattern with improvements to the sewing machine assembly structure. The improvement aims to shorten the distance of material transfer between processes. In addition, improvements are also made in the working direction of the workers by changing the position of the machine. This improvement aims to reduce work fatigue of the workers. In the current layout, all workers face in one direction for sewing 3 and to the opposite direction for sewing 1 and 2. This causes the worker to do a rotating posture of the body to move the material. Rotating posture of the body if repeated over a long period of time can cause musculoskeletal disorders. Improvements are made by making the workers face each other so that they can take material from the side or from the front without having to rotate the posture of the body. This improvement will reduce work fatigue and increase worker productivity. The proposed layout 1 is shown in Figure 4 .
The distance of material transfer and material handling costs in each of the improvement alternatives is obtained, and the results of the total material transfer distance from the layout proposal 1 are 35.36 meters. The distance is 9.04 meters shorter than the distance in the current facility layout. The total material handling costs in the layout proposal 1 amounted to Rp 39,308,989 per month, which the detail calculation is shown in Table 8 .
The proposed layout 2 is shown in Figure 5 . The total distance of material transfer from the proposal layout 2 is 33.815 meters. The distance is 10.585 meters shorter than the distance in the current facility layout. The total material handling costs in the layout proposal 2 amounted to Rp 37,125,452 per month, which the detail calculation is shown in Table 9 .
Layout simulation with ARENA software
Simulation is done using ARENA student version software. The developed simulation model considers the processing time at the sewing department as input data that converted into the form of a logic model using an input analyzer. In addition, this simulation model requires From (1) To (2) Conveyance (3) Frequency (time)
Distance (meter)
Length of track (meter/month) (6) = (4) x (5) OMH/meter (Rp) (7) Total OMH/month (Rp) (8) = (6) From (1) To (2) Conveyance (3) Frequency (time)
Length of track (meter/month) (6) = the distance of material movement data of the current facility layout, proposed layout 1 and proposed layout 2. The simulation model of the SB45 bra production process is shown in Figure 6 .
The simulation model represents a daily production process at the sewing department. The simulation results are shown in Table 10 . The table shows that the current facility layout has a longer average transfer time of materials than proposed layout 1 and 2. The average From (1) To (2) Conveyance (3) Frequency (time)
Length of track (meter/month) (6) = transfer time of materials in the current facility layout is 94.02 seconds, in the first proposal is 64.09 seconds, and in the second proposal is 62.04 seconds. Because the improvement due to the shortening of the current of the material layout displacement, which decreases the time to move material between processes in the proposed facility layout.
In accordance with the simulation results, the first proposed facility layout can speed up the processing time by 29.93 seconds and the second proposed facility layout by 31.98 seconds. So that the processing time for the second proposed facility layout is better when compared to the first proposed facility layout. The difference occurs in the S4 process to the A1 process where the transfer time in the first proposed facility layout is 4.38 seconds while the second proposed facility layout is 3.01 seconds.
Selection of final facility layout
Based on the results of the simulation, the second proposed facility layout is selected since it gives the best performance compared to the other one term of material handling costs and material transfer time.
Conclusions
In this research, we improved the facility layout of the sewing department of PT. PMJ using SLP and ergonomics approach. Two alternatives layout design were proposed in this research and it was found that the second design alternatives gave better performance comparing to the first one. The selection of alternatively proposed facility layout was based on the transfer distance, OMH, and transfer time. In term of transfer distance and OMH, the selected design gave the improvements of 23.88% and 22.92%, respectively, compared to the current layout. While for the transfer time, it gave an improvement of 34.01%. Figure 6 . Display model of the SB45 type bra production process. 
